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INTRODUCTION 
The Stationary Neutron Radiography System (SNRS) is a real-
time neutron radiography system nearing completion at McClellan 
Air Force Base, Sacramento, CA. SNRS will be used for the 
inspection of F-111 aircraft components for corrosion. General 
Atomics is the prime contractor providing the TRIGA reactor and 
the building and SAIC is a subcontractor providing the robotics, 
image acquisition and analysis and part of the reactor shielding. 
Components, including complete wings, removed from the F-111 
are transported past a thermal neutron beam and viewed in real-
time for the presence of hydrogen in the form of aluminum hydride 
corrosion or free water. Component Positioning Systems (CPS) are 
used to move the parts in preprogrammed scan plans. The Neutron 
Imaging System (NIS) acquires images and send them to the Image 
Interpretation System (lIS) for analysis and storage. 
This paper will present an overview of the operation of the 
system with emphasis on the radiographic aspects. 
PARTS HANDLING AND RADIOGRAPHY BAYS 
Individual parts are brought to SNRS where they are attached 
to support fixtures on a transport cart. The cart is moved from a 
staging area onto the CPS in the radiography bay. The CPS is 
preprogrammed to move the part past the neutron beam for viewing 
with a neutron sensitive image intensifier coupled to a plumbicon 
video camera. The video image is sent from the bay to the 
radiography console for viewing and analysis. 
The beam from the reactor contains thermal neutrons, fast 
neutrons and gamma rays with only the thermal neutrons being used 
for radiography. To reduce the fast neutron and gamma ray 
components of the beam, the beam ports do not view the core 
directly. A 1 inch thick block of bismuth at the beginning of the 
beam tube reduces the gamma ray flux by a factor of 2 with little 
effect on the thermal flux. The beam is collimated to a 24 inch 
diameter at L/D=100:1 for Bay 4 for film radiography. In the 
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other three bays an additional insert is placed at the bay end of 
the beam tube to further collimate the beam to 11 inches in 
diameter at L/D=100:1. Because the parts can be placed at various 
z-distances (along the beam axis in the bay) LID will vary from 
about 92:1 to 112:1 for routine scanning. 
The massive shutter (30,000 pounds) shields the beam tube 
entrance for personnel working in the bay even when the reactor 
is at full power (1 MW). For radiography the massive shutter is 
opened from the radiography console. For film radiography a fast 
shutter consisting of an aluminum container filled with boron 
glass (boron frit) and epoxy car be opened quickly like a camera 
shutter. The fast shutter attenuates the thermal flux by a factor 
of 1000. The beam passes through the part under examination, the 
imager and finally strikes the back wall of the bay. The wall at 
this point is 8 feet thick with a 1 foot deep hole at the beam 
location covered with another boron frit plate. This plate 
reduces the activation of the concrete and also absorbs the 
neutrons which return to the bay after being thermalized in the 
concrete. 
NEUTRON IMAGING SYSTEM 
The neutron image intensifier, a 9" Thompson CSF tube, and 
video camera are carried on an extending arm. The image 
intensifier and camera are continuously powered. A large area 
capacitance sensor is mounted on the front of the imager box. 
It's output is digitized and used by the robotic system to keep 
the imager within 2 to 2.5 inches of the part. 
The imager box also carries a paint spray gun, laser, 
Moisture Measurement System (MMS), and neutron detector. The 
spray gun is used to mark the part when corrosion is found. The 
laser is used to aid in the development of scan plans for the 
parts. The MMS has a heat gun to heat parts to determine whether 
or not the hydrogen present is in the form of free moisture. Free 
moisture may move when heated. The fission chamber is used an 
independent indication of the neutron flux. All of these 
components are controlled and monitored from the radiographer's 
console. The first three can also be operated from a control 
pendant in the bay. 
RADIOGRAPHER'S CONSOLE 
The radiographer's console is shown in Figure 1. There are 
three such consoles, one each for Bays 1, 2, and 3. A single 
operator can control the robotics and do inspection of parts. 
A control panel for the massive shutter is located in the 
right hand side along with status panels for console power, 
reactor operation, and bay door indication. 
The left side of the console has the Parts Programming 
computer (PPC) which controls the robotics through a Programmable 
Industrial Controller (PIC) located in the bay. A control pendant 
with a joystick and a small keyboard enables the robotic 
functions. An identical pendant is used in the bay for local 
control. The Panasonic monitor is used with the PPC for robotic 
control. 
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The PPC sends date, time, and robotic information to the 
Image Interpretation System (lIS) and stores scan plan 
information on a hard disk. The PPC receives image information 
for file storage from the lIS. 
On the right side of the console is the Datacube-based image 
processing system. The lIS analyzes the video signals from the 
camera and sends the corrected digital images to three monitors 
(the third is in the radiography supervisor's office) and to the 
ED-Beta tape recorder. The Panasonic monitor used with the PPC is 
also used for viewing the video to and from the tape recorder. 
FtEACTOA 
RGB TO 
S- VIDEO UNIT 
VlcEO OPTICAL DISK MASTER L.IVE AND DOOR SA Y SHUTTER 
~~~~ -CON 
PPC 01 s~~~~ ___ 
eo 
TAP 
- 8ETA 
E UNIT -
CONTROI.LER DISPLAY (ODD) DISPlAY (MlD) STATUS PANE L PANEL 
"" '" 
\ \ / I , 
Lll! !:) . .,' 1 :1 "- \ I [o::ID:o q] l(llc 0 0 
- \ \ 000 
tLJ~ 0 I m ]1: : l l I--" " 
- " " 
iL---=' c::::J 
~ 0 7 ~ ~ .... 
[B) 
== 
IBl 
liS ST ATU S 
AY(lSO) ____ D ISPL 
CONS OLE 
/ POWE R PANEL 
TRAC KBA l L 
~\ VIDEO ~= ol~ :== .. - : =..3 • .u ___ OPT ICAL RONTER - ~ .. _. OISK 
PROGR 
CO 
PARTS 
AMMINQ __ 
MPUTEA k 
Rad io grap hy auo.,vllo r. 
dl.play (ASD) nOI Ihown 
• \ 
\ 
PENDANT 
(JOYSTICK) 
\ 
\ 
KEYBOARD 
,,- ~
rn 
: 
-" 
Figure 1. Radiographer's Console. 
liS COM purER 
In addition video tape storage, single images can be sent to 
a 2 Gbyte optical disk for later recall. The latter images can be 
recalled, for example, after a part is repaired for a before-and-
after comparison. The Master Live Display (MLD) is used for live-
time images only and the optical Disk Display (ODD) to the right 
of the MLD is used for the optical disk images and also for live 
images. The latter application allows the operator to select two 
different contrast ranges or types of display- pseudocolor and 
black and white while viewing the same image. This has proved to 
be quite useful. 
A video printer is used to print single frames from the MLD 
for a hardcopy record. The printer used allows a single frame to 
be grabbed and printed, another convenient practical feature of 
the system. A frame is grabbed and printed without blur while the 
CPS is in motion. 
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IMAGE ANALYSIS 
The details of the image analysis system are given by Alvar 
[lJ. All analyses can be done in real time, as the part is 
continuously moving for routine examination. Frame sums to 2048 
frames, frame averaging, profiles, histograms, scroll, zoom, edge 
enhancement, contrast stretch and distance measurement are some 
of the features available. 
To flatten the image a logarithmic difference image is 
calculated on a pixel-by-pixel basis following Equation 1 
~xij = log (Ioij -Z) -log (Iij -Z) ( 1) 
where Z is an offset. The log-corrected image yields an image 
proportional to attenuation or per cent transmission as Equation 
(1) shows it equal to ux. A frame-summed background image is 
obtained daily and subtracted in real time from the live or 
foreground image. 
The image is also corrected for small changes in the reactor 
power by digitizing the analog power signal from a reactor 
monitor detector. This quantity is used to search a look-up table 
for a gain correction feedback to the camera gain. As power 
increases the gain is decreased proportionally. The reactor power 
can change about 2% in output. A similar correction is made for 
the l/r*r change in flux as the imager box moves toward and away 
from the reactor during parts scanning. Both of these corrections 
are done once a second. 
As only 8 bits of the 16 bit image are displayed a "Digital 
Gain Boost" function is used to move the lower bits up for 
display. The image can be shifted up to 6 bits. The lower bits do 
not carry any information of interest here. 
The Moisture Movement System uses additional analysis 
functions. A "mask" image is taken prior to heating the suspect 
area. After heating, the mask is subtracted from the live image 
to show the effect of the heating. The MMS can show dramatic 
results. A damaged flap vane with moisture present was heated and 
the moisture was seen to jump in live time from honeycomb cell to 
cell being pushed by the increased air pressure. 
CALIBRATION 
Figure 2 is a calibration screen developed by SAle for a 
daily check of the imaging system. The layers of cellophane tape 
(1, 2, 4, 8 layers) each with 0.20, 0.40, 0.80, and 0.160" 
diameter holes allow a convenient check of system operation. A 
single layer of tape corresponds to approximately 2% attenuation 
of the flux. At least 11 of the 16 holes are seen routinely with 
a 256 frame average as well as all layers of tape seen in live 
time. 
The 2" x 5" block in Figure 2 is a resolution screen with 8 
grid sections in a 0.020" thick cadmium plate. The spacings 
correspond to 1.09, 0.98, 0.89, 0.79, 0.66, 0.58, 0.66 and 0.79 
lp/mrn. At the xl magnification of the tri-field imager, the 
largest two grids are resolved. At x2, the next size is resolved 
and possibly the 0.79 Ip/mrn as shown in Figure 3. 
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Figure 2. Calibration Screen. 
Figure 3. Neutron Radiograph of Resolution Screen at x2 
Imager Magnification. 
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Figure 4 shows a neutron radiograph of an aluminum step 
wedge. The first step is 0.125", the second 0.250" and the rest 
in 0.250" increments to 3.000". This wedge was ~s2d to set the 
contrast scale to read in percent neutron absQrption. That the 
scale is linear is seen by the linear steps of the profile of the 
wedge. The objects to the side and bottom of the wedge are 
clamps. 
RESULTS 
Figure 5 shows a photograph of a 0.125" piece of aluminum 
with smooth corrosion on one side (not shown) and granular 
corrosion on the other. Corrosion was removed in 0.5" strips in 
two locations on the front and back sides. One strip was in the 
same location hont and back and the other two strips did not 
overlap. Holes were drilled in the strips and filled with 
gadolinium paint. Figure 6 shows a radiograph of the plate. 
Analysis of the strips and dots indicates that the smooth 
corrosion was not detected and the granular corrosion was. The 
amo~nts of corrosion in each layer has yet to be quantified. 
Figure 7 shows corrosion along the bond edge of a F-111 
flap. It is common that corrosion occurs in joints or other 
transitions. The amount of corrosion has not been quantified. The 
actual amount of corrosion which will be of concern will corne 
from the analysis of a large number of parts as the facility is 
used for inspection. 
Figure 4. Neutron Radiograph of Aluminum Step Wedge. 
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Figure 5. Photograph of Corrosion Test Piece. 
Figure 6. Neutron Radiograph of Corrosion Test Piece. 
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Figure 7. Neutron Radiograph Showing corrosion in F-111 Flap. 
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